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IITLTODUCTION 

Use of theimal preti-eatment i n  an oxidizinz at~nos$ei-e for t r ea t in s  a 
l i i a l y  caking c o d  of si-znu1s.r or man lump .size i n  a. fixed bed presented. 
d i f f i c u l t  yroblenc. To rake pa!.’ticles of this size nonagglmeratine, tile 
treatment wou3.d have t o  he dras t ic  er,ou:$i not only t o  a f f ec t  the surface, but 
a l so  the in te r ior .  i?artlieifnore, because the coal expends on heatinL;, c m -  
p c t i o n  i n  a fi::ec? bed would be d i f f i cu l t  t o  avoid. 

Therefore , the purpose of t h i s  invectization ins first to. deternine 
vrhether the caking properties. could be destroyed suff ic ient l j r ,  i n  a fixed bed, 
and secondly t o  detennine the conditions reqGirLng the minimuin time an& 
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effect ins  the n i n h m  loss of coal.  
vould be tht the petreatment  could be cor.izleted rrithout n ~ : l a ~ e ~ n t i o n ,  ZE?. 

tha t  aftei' pretreatment. the coal vou.16. not a@oE?erate i n  a h;r;rc?l-o;;en-rS.cli 
c.",nospliej-e at  conditions of temperature an$- pressur<. similar t o  those iil 2. 

f?.::ed-bed gasti ' ier. 

The c r i te r ion  of success3.l 2:etreaf,it.n$ 

Xl"aIIEFFAL SQUP?:ZlJT AfD) I Z O C E D W  

Ikscript?on of Asparatus 

%e scher:ntic I lo l ; r  diiizz-aa of the ililot plant for coel pi-e%-eatrzent given 
3.n f i p x e  1 consists prinari1;r of a gas heater end c: vessel ~ I I  -&ich the coal 
Cali be heated ani exposed to various z.tEosphei-es at controlled rates .  
vessel i s  e. 21--Toot l o x ,  3-1/2-incii. d ia ixter  sciiefiule 30 2 2 ~ ~  nzde  fro^ 247 
stainless  s tee l .  it i s  s h o m  i n  ii;ure 2 .  A ring joint ,  blind Tknze serwd 
as a. cimrge port  2nd. c l o x r e  ai; the toy or the vessel. T?le bed of coal ? ~ . s  
sRi.-qorkec? by 8 Fei'rornCec? s ta lnless  steel plate  located 2 inches sbo-?e the 
bo-tta:i cT the vessel  as shorm in  f i i a r e  3.  Eurin: 311 2Tetreetnent tests 
tile coal ':TIS a l i r q r ;  heated exteimalk bj e l e c t r l i  iieatei-r. ann'. inte-nalw by 
the greLrcet,!ns 2s.s. 
locates in  an electz-ic fi.v.j:nace. 

31e 

The cas m s  hen.ts3. by ;,.zssing it tlirou2i a coiled tube 



3.  Coal vas heated throuoi i t s  plas.tic ranse in  about 1/2 t o  1 ILOUL. 
ifith a superficial . l ineai* sas velocity that -mried from 0.6 t o  12  :?ect gel-' 
second, depending upon the pressure and the oxygen content of <he ine:-t 
gas. An aclditinnal 33 percent 03 the volat i le  na t te r  T,BS renoved, lxi~:'.?;; 
about 50 percent of the original volat i les  i n  the pre'zeated., C h a i ' .  

As an alteiGi;e t o  steps 2 and 3 ,  the coal could be ejfec'ci-rely pre- 
treated by gradually IieatLng thi-oV.& i t s  plast ic  rmge in  a3ou'c 3 hocrs. 
I? ~retreetment  :;as considered successi"u1 a f t e r  tile coal vas heated through 
i ts  p las t ic  range irit2iou.t e~ lcnnera t ion  i n  a fi::ed be&. 
floved es freely as the  original coal. 

. 

The char so pi.oduced 

Testing of Chars and Coals 

A n  arbi t rary t e s t  vas devised in  vhich chars p-ocluced bj pretreatment 
were exposed i n  e fixed bed t o  hydrogen or  hydrosen-rich atmospheres f o r  1 
hour 2 t  400 psig and 6000 C. 
s t e m ,  carbon dioxide, and carbon monoxide. 
positions and conditions -Aich trov.ld be found in  a coal  gas i f ie r .  
p-oduced from coals heated tlirocgh t h e i r  plast ic  range without caking in  a 
fixed. bed never c&ed during these tes t s ,  indicatinz a strong probabili ty that 
a char so .produced voulC not cake i n  an ac tua l  Gasifier. Coals not heated 
through the i r  p,last:ic range invariably caked during the hydrogen test. 

Die hydrogen-rich a'mocpheres contained nigrogen, 
These tests simulated gas c m -  

Chars 

Free svellint: incle:: (FSI) AS'D.1 T e s t  D-720-57 values of about 1 . 5  or less ,  
vliich i s  usually inclicative of a noncaking coal, irere recorded for  a l l  chars 
made frm coals pretrezted t h r o u a  the i r  p las t ic  range. Chars v i t h  &E1 I ~. 
values were used as a s i d e  in estimating the caking property of chars produced 
d u r i w  pretreat?;:en:. Die ul'cjmiite and. proximte analyses of coals tested an@ 
chars produced vere performed accordin& t o  ASTN procedure 11-271-48. 

Later ia l  

Ei!&-volatile A bituminous (hvcb) coal from t i e  Pittsburgh seam,, one of 
the inost stron&: caking c o d s ,  vas used in most of the pretreatsent t e s t s .  
H-mb cw-ls fron Sei;i.cl;l?y, Uppr EeeTort,  elid 'I3,ggax-t seams, in  zddition 
t o  a high-volati le (hvbb) coal frola the I l l i n o i s  210. 6 seaxi an2 8 low- 
volat.ile 'Oita.ilnow (lvb) coal from t l ~  ?ocahontas No. 4 seam, were a l so  ' 
tec'eG. an6 successi%ully pretree";ed. 
teb1.e 1. 

4.mTyses of coels  tes ted a r e  sho7:m i i ~  

l'asum 
exrnp1-e &escribing e su.ccesoi%l yretrea'uzent Is as folloi.1s : A 

Pittsburgh s e m  coel  x i s  heated vi31 steax, a t  atmos$ieric gressure ,, con- 
taining about 1 p r c e n t  oxygen and flovj.nC a t  a sugerfic.ia.1 velocity -of' 
3 fee t  - p e r  second, t o  i t s  i n i t i a l  softenin2 teqeerature of ;6n0-3:oo c on$ 
main"&ined OL tha-t tempratui-e for 3 houi-s. It 1.5s then heated through !-ts 
plas t ic  range of 379" t o  430" C in  about 1/2 hour v i th  the sane sas at the 
same velocity and pi-essuze . The treatment x i s  t e n i n a t e ?  1~5th nitrosen 
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cooling the char t o  less than 100" C i n  about 1/2 hour. 
taining nitrogen and carbon dioxide was a lso  used t o  cool the pretreated coal 
during other t e s t s .  
of noncaking coal. 
or iginal  volume. 

An iner t  gas con- 

A Tree flowing char was produced with a FSI indicative 
The t reated coal expanded about 50 percent ebove i t s  

Heating coal with this sane ms through i t s  p las t ic  range in  3 hours 
a lso produced free floving char. Replacing steam with nitrogen or nitrogen 
plus carbon dioxide or a cumbination of a l l  three s s e s  2lus a sinall cmount 
of oxygen destroyed the cakinz property ol" coal i n  a fixed bed as ef?ec t iveQ 
as the Steam-oxyLen nixture . 

Heating coalJ as  describet previousl3., 15th a gas conteinint: 0.2 Brcent  
oxysen plus 11 t o  40 percent hydjrogen an& the remainder nitrogen, cai-bon 
dioxide, and steam produced a so l id  mass of char with no evidence o f  pre- 
treatment. 
composition t o  3 gas produced i n  a coal  gas i f ie r .  

This vas an attempt t o  pretreat  coal  with a gas similar i n  

The pretreatment technique developed i n  a 6-inch bed depth a t  abospheric 
pressure with gas flowing up through the bed a l so  proved effective in an 
18-inch bed depth with the gas flowing up or down. 
during the t e s t s  irith the gas flowing down; however, the char produced vas 
free flowing and showed no evidence of fusion. 

The bed expanded less 

Pretreatment at pressures of 50, 150, and 300 psig in a 6-inch bed depth 
also was effective.  
less expansion than that  made a t  atmospheric pressure. 

Char produced a t  elevated pressures normally exhibited 

The caking quality of hvab coal from the Setriclrley, Upper Freeport, and 
Tzgga1.t seams was as effectively destroyed as the Pittsburgh seam coal.  OE 

. the f%;. hvab coals tested, P i t t sMr@ n?d. V g p r  Freeyort seam i-equirec. 2.bmi.t 
1% minutes of treatment et 360° t o  430' C as compred t o  about lm and. 200 
minutes, renpecti-,ely, for the Tagp.rt an2 Sewic!;lcy seams. ki-e volat:i.le 
matter of a l l  hvzb cor.lc 6ecrenseil du;*iny 2reti.e' 
p r c e n t .  Fretreatmnt o f  t?ie hvbh ca?.l ~'TOI;I the IlLinoi:: ?Io. 5 s e w  :.:it11 8, 
iii$ i:Piei-ent r,ioistu;.e coctent of 3bbov.t 8 i ~ x c n ? ,  X E S  z-cht i i ie ly  emj-, 
requirinz only 80 r.i?.iiiltec a t  ;SO0 t o  430" C .  
(lvb) coal from the Focs.hontas No. 11 semi contc5nini; ?Jmnt 15  Zel-cent volatile 

matter vms successi'v.lly p e t r e e t e d  et its 2Lq.stj.c rm:? of J:7oo t o  5100 c i n  
about 2 hOUi-6 vitli s t e m  plus o:rj.tJen. ?lie vo3, t i le  matter content decreased. 
f rm 15 t o  9 percent durins pretreatnent. 
these coals &win& Q,-i~iczl 21-eti-eatmen: are eho:m in  table 2. 

en?. 2 i - o ~  2,3otlt 3 5  t o  30 

P. lm-vola t i le  bitLg.li:lol:s 

!ndyses of c!:firs p-odnzec'. rrs:i 

9-qansion of  coal cu;-ing' pretreatmiit  vas relat.e< t.0 gas velocity a n d  
pressure. ILJV velocit ies o r  liidi preoswes pi'o&lced less  expns5oii. cw& 
r r i t h  h i d l  volat i le  r a t t e r  content ap-petarecl. t o  er:imxl more. 
appeared more d i f f i c u l t  for hvab coals i 5 t h  a l o~r  o;ygen content. 

Pre';reo.t.~-;eiit 

Pretreatment a t  -6 veloci t ies  zpprmcliiix f luidizat ion veloci t ies  of 
about 13 feet  per second appeared easier  and required. about 2 Jioui-s a t  360" 
t o  430" C as conpared t o  3 hours at a velocity or 3 f e e t  per second. 
gas velocit ies,  the oxygen concentrations i n  the pretreating gas were m r i e a  

A t  high 

i 

I 
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TASIE 2.- Analpis, iYee s v e l l i q  index an< 3ee3Ciw -.slue of ch2.r: ~rrlc.c.:d 
during pretreatment vith steam containing 1 to 3 
volume percent oxygen a: akwspheric pressure 

- - ~  - P=- Proximate, percent Ultimate,  percent 
pared f r a n  Volatile Fixed 

m i n o i s  #6 0.7 23.3 66.4 9.6 4.3 75.2 1.9 8.1 0.9 
Pittsburgh .3 20.9 71.9 6.9 4.1 78.9 1.7 7.4 1.0 
Upper Freeport .5 22.6 66.8 10.1 4.2 76.0 1.7 6.6 1.4 

.2 23.1 73.2 3.5 4.4 83.6 1.6 6.3 0.6 

Sewickley .6 22.1 62.9 14.4 4.0 71.8 1.6 6.4 1.8 

bed Moisture matter carbon Ash H C H 0 S 

Pocahontas #4 .8 8.9 81.8 8.5 3.1 82.8 1.3 3.8 .5 

Char pre- 
pared from 

Illinois #5 
Pittsburgh 
Upper Freeport 
TW3ar-t 
Pocahontas #4 
Sewickley 

Heating 
value, Btu 

(d ry  basis) 

13,220 
13,560 
13,300 
14,560 
13 830 
12,460 

Free 
swelling 

i l l d e X  

Ncg 
Nc 
1.0 
1-5 
Nc 
1.5 

Maximum 
pretreatment 

temp., OC 

- 
r/ Nc = Noncaking. 
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from 0.5 t o  4.0 percent with good results,  whereas a t  gas veloc i t ies  of 3.0 
f ee t  per second, oxygen content was limited t o  a range of about 1.0 t o  3.0 
percent. Iaw oxygen concentration in the gas is desirable because it allows 
for cloee control of.* temperature. In t e s t s  Kith oxygen concentrations , , 

above 5 percent, temperature control was d i f f i cu l t  because of excessive 
localized canbustion. 

Figure 5 shows a typical raw coal used plus a char from a successful 
pretreatment, and the same char a f t e r  exposing it t o  a hydrogen f l o w  at  400 
psig and 600" C for 1 hour in a fixed bed. There was no evidence of fusion 
and the char f la red  as f ree ly  as r a w  coal. All chars produced during success- 
ful pretreatment and subjected to  th i s  test did not fuse, or show any evidence 
of fusion. 

Char produced in the manner described from a Pittsburgh seam coal was 
successfully gasified in a bench-scale, fixed-bed reactor w i t h  steam at  
8ooo c and atmospheric pressure a t  the m a u  of ~ i n e s  coal Research Center 
in Morgantam, W. Va. There was no evidence of caking during gasification, 
and the results indicate that the char is quite reactive. 
coals agglomerated in similar t e s t s .  

Even m i l d l y  caking 

Tests performed by the Direct Coal-Conversion group a t  the Bureau of 
Mines Coal Research Center in Bruceton, Pa., i n  bench-scale equipnent shuw 
that the sane char as above could be hydrogenated a t  3,000 psig and 750" C 
i n  free-fall ing bed without agglormerating. 
30 x 50 U S .  Qler mesh size for the hydrogenation tests. 

The char was crushed to a 

DLSCUSSION OF RESUUCS 

Results f r o m  tests performed a t  conditions other than those outlined in  
the procedure for successful pretreatment indicate the need for close adherence 
t o  the procedure. 
heated directly through their p las t ic  range w i t h  i ne r t  gas in  a fixed bed 
fused in to  a so l id  mass as shown in figure 6. Coal par t ic les  heated slowly 
through the i r  p las t ic  range w i t h  a gas containing U t o  40 percent hydrogen 
plus 0.2 percent oxygen and the remainder nitrogen, carbon dioxide, and steam, 
a lso  fused into a solid mass similar t o  the one shown in figure 6 .  
was an attempt t o  pretreat  coal with a gas which was similar i n  composition 
t o  a gas produced in a coal gasifier.  

gas plus oxygen for 3 t o  8 hours, and not heated through the p l a s t i c  range, 
a l so  fused upon subsequent exposure t o  hydrogen a t  400 psig and 600" C; 
however, as shown in figure 7, there was some evidence of Pretreatment since 
discrete coal-char par t ic les  were discernible in the fused mass. 

Several of these tests are described: Coal par t ic les  

'Ibis t e s t  

Coal heated a t  its softening temperature of 360" t o  370" C with inert 

mwstigatorskJhve shown that oxygen was necessary for the reduction 
or destruction of the caking quality of coal in fluidized or moving fixed 
beds; however, evidence of cmplete and relatively rapid destruction of the 
caking property of coal i n  a stationary fixed bed was lacking. 
the techniques as previously described were developed using small mounts of 
oxygen and a controlled heating cycle t o  destroy the caking qua l i ty  of cos1 

Consequently, 
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i n  a fixed bed. 
property of coal  in a fixed bed is not precisely known. 
theorized that the "sticky" matter which is mnnaUy formed when coal is 
heated through its softening and plas t ic  range is oxidized t o  a "nonsticky" 
material. 

The role that oxygen plays i n  helping to destroy the caking 
However, it is  

The apparent differences i n  pretrea-nt tlme fo r  

oxygen content of the coal. On the other hand, is Schmid gene-2p*nt reports that OP a the lvb 
coal wia a law axygen content was also r e l a t ive ly  sensit ive to oxidation. 
!I!hls appears to confirm am finaing6 since the hvbb coal frua tbe I l l i no i s  
610. 6 seam, having the highest oxygen content of about 9.0 percent, required 
a mlnjmum pretreatment t h e  of about 80 minutes. A pretreatapent time of 
about 120 minutes was required ror  the lvb  coal from the Pocahontas No. 4 
ieam, which contained about 2.4 percent oxygen. 

Pretreatment time for the hvab coale generally was re la ted  t o  the oxygen 

coa l  tested can 
also be attributed to oxidation. According t o  Ekhacher- Y the rate of 
oxidstion; that is, lithe mte o r  d e c w i i ,  

content. The Pittsburgh and Upper Freeport coals, having an oxygen content 
of about 7.0 percent, required about 180 m i n u t e s  of pretreatment, followed 
by abdut 19 minutes for the !bggaPt seam and 200 minutes for the Sewickley 
seam. Both llaggart and Sewlckley seams had a slightly lower oxygen content 
of about 6.0 percent. The s l igh t  difference in  pretreatment time for these 
two coals could be a t t r ibu ted  t o  the  differences in  vola t i le  matter content, 
since the Taggmt seam had a vola t i le  matter content of about 35 p r c e n t  
compared to  42 percent for the Sewickley seam. 

Chars produced frau hvab and hvbb coals containing a vola t i le  matter 
content of 20 percent or less always bad a FSI indicative of a noncaking coal. 
On the other hand, even a f t e r  it was heated at temperetures that destroyed 
the caking quality of hvab coals, a lvb coal with a vola t i le  matter content 
of about 16 percent maintained a FSI of about 5.0 that is indicative of a good 
caking coal. This would indicate that the  cakin;: quali ty of a coal  o r  char 
was not d i rec t ly  dependent upon the quantity of vo la t i le  matter it contained. 

'Po get an insight in to  w h a t  was occurring to the vola t i le  matter content 
and FSI of a coal during pretreatment, a ser ies  of tests was performed a t  
d i f fe ren t  maximum temperatures. Each t e s t  of the ser ies  was performed with 
a 6OO-gram batch of Pittsburgh seam coal t rea ted  with steam plus 1 percenr, 
owgen at atmospheric pressure at a gas velocity of 3 fee t  per second. Each 
batch was heated d i rec t ly  to  360" C in 25 m i n u t e s .  After reaching 360" C, 
each i n d i r i d u a l  batch of coal was heated t o  a desigaated temperature at 
loo C intervals fian 360" to  430" C. 
per 25 minutes. Each test was concluded by rapid cooling ~ 5 t h  nitrogen as 
previa~ely described. 

The coal was heated a t  a rate of 10' C 

+lysis of chsr taken at 10" C intervals during the gradual heating of 
a Pittsburgh seam coal  through its p las t ic  range indicates l i t t l e  change in 
thc FSI from 360" t o  400" C. Heating t o  410°, 420°, and 430" C effected a 

AB shown i n  figure 8, the vo la t i l e  matter content of the coal rapidly 
=pia decline in the FSI of the coal-- t o  4.5, 2.5,  snd 1.5, respectively. 
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decreased, following the sane pattern as the FSI for  every loo C increase 
above 4W0 C .  Each loo C increase was accompnied by an increase i n  pre- 
treatntent time of 25 minutes; thus devoht i l iza t ion  was a function of both 
temperature and time. 

The pretreatment technique developed offers  p r a i s e ,  f r m  an econmic 

The pretreatment can be performed 
standpoint, as par t  of an integrated coal pretreatment and high pressure 
steam-oxygen-coal gasification process. 
a t  gasification pressure and part  or a l l  of the steam and a s m a l l  part of the 
o-yygen fed t o  the gasif ier  can be used as i n  the pretreatment. 
the gases and tars produced i n  pretreatment can be fed direct ly  t o  the 
gasif ier  a s  bel, 
eff luent  or off-gas problem fi.m the ?retreater.  It is a l so  conceivable 
that the pretreater  vessels could serve as feed lock-hoppers for  the pressuy 
gasif iers ,  thus decreasirq the net capi ta l  investment of the pretreatment. 

Furthermore, 

Not only would t h i s  conserve energy, it would solve the 

CONC UJS IONS 

A p i l o t  plant study has sliom that the caking pro,wrty of a bitminous 
coal can be eliminated by pretreatment in  a fixed bed. 
of hvab, hvbb, and lvb coals ims destroyed e i ther  by prolonged heating at 
the softening tenyerature follorred by rapid henting through the plast ic  range 

' w i t h  an iner t  gas containing a smll  mount of oxygen or by rapid i n i t i a l  
heating folloved by prolowed heating t h o u @  the p las t ic  range. 

The caking quality 

There was some variation i n  the conditions required ror t rea t ing  each 
coal, but generally hvab coals required'about 180 minutes o f  pretreatment 
as conpared t o  about 80 ninutes for  the hvbb coals. 
not cake when exposed t o  a hydrogen atmosphere at 600" C and 400 p i g ,  
lndicating t h e i r  su i tab i l i ty  for use in  fixed-bed gasification. The FSI 
served as a mide to indicate that the coal vas no longer ngglomerating. 
For most chars there m s  no aclameratlon when the FSI declined t o  about 
1.5 or larer. 

The chars produced did 

1. 

2 .  

3. 

4. 

5. 

6. 

7. 
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P,e,reoler'~~erm~re~~r 

Figure 3-Cross-seclionol view 01 the cool prelreoler vessel 

Figure 4. A view of the control p a n e l  f o r  the coal pretreating p i l o t  plant .  



RAW COAL H2 EX~POSED CHAR PRETREATED CHAR 

Figure 5. Raw coal used plus char from a typical pretreatment a t  430 C 
and the same char exposed t o  hydrogen for  1 hour a t  600 C and 
400 psig. 

Figure 6. Solid mass of char made from coal w i t h  no pretreatment. 
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Figure 7. Mass of  char containing discrete coal-char particles made 
from coal v i th  some pretreatment. 
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Figure 8 -Effect of lemperoture and pretreatment time on the free 
swelling index and volalile matter content of  o 
Pittsburgh seom cool 


